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Abstract --- Deployment of mini macrocell base stations 
can also be referred to as femtocells improve quality of 
service of indoor and outdoor users. Nevertheless, 
mobility management remains a key issue with regards to 
their deployment. This paper is leaned towards this issue, 
with in-depth focus on the most important aspect of 
mobility management - handover. In handover 
management, making a handover decision in the LTE 
two-tier macrocell femtocell network is a crucial research 
area. Decision algorithms in this  research, are classified 
and comparatively analyzed according to received signal 
strength, user equipment speed, cost function and 
interference. However, it was observed that most of the 
discussed decision algorithms fail to consider cell 
selection with hybrid access policy in a single macrocell 
multiple femtocell scenario, another observation was a 
majority of these algorithms lack the incorporation of 
user equipment residence parameter. Not including this 
parameter boosts the number of unnecessary handover 
occurrence. To deal with these issues, a sophisticated 
handover decision algorithm is proposed. The proposed 
algorithm considers the user’s velocity, received signal 
strength, residence time as well as the femtocell base 
station’s access policy. Simulation results have shown that 
the proposed algorithm reduces the number of 
unnecessary handovers when compared to conventional 
received signal strength based handover decision 
algorithm.  
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With the continuous rise in the number of mobile application 
users worldwide, mobile operators face huge demands for 
mobile data services. This has brought about a number of 
technological innovations that serve as alternative to 
traditional broadband services. Nowadays, mobile devices 
are pretty much used to carry out all sorts of functions; from 
accessing trending applications like Facebook and twitter to 
video streaming applications like YouTube all the way to 
voice over IP (VoIP) calls such as Viber, Whatsapp, Tango 
down to real time medical applications like Medscape and 
micro medex. According to global mobile data traffic 
forecast update, 2014-2019 (Cisco, 2015), “mobile data 
traffic will grow at a compound annual growth rate (CAGR) 
of 57 percent from 2014 to 2019, reaching 24.3 Exabyte per 
month by 2019.” However, these small cells have since 
proven not to be the optimal solution when it comes to Capital 
and Operational Expenditures (CAPEX & OPEX) and power 
supply as discussed in (Jarvinen, 2009). Femtocell Base 
Station (FBS) was introduced as a cost effective way to 
address high demand as well as optimizing the CAPEX and 
OPEX. 
FBSs are connected to the owner’s ISP network by the means 
of a backhaul connection. Moreover, the owner is in charge 
of powering a FBS (Jarvinen, 2009), (Femto-Forum, 2012) 
and (Andrews et al., 2012). In March 2011, Chingwa 
Telecom (CHT) announced that it would provide heavy data 
users with free Femtocell Base Stations (FBSs) in order to 
offload the growing mobile data traffic on its Macrocells 
(Wireless-federation, 2011). According to a research carried 
out by Transparency Market Research (James, 2015) into the 
femtocell market, the FBS is  expected to reach a £2.8bn 
market value with an impressive CAGR of 37.1% from 2013 
to the year 2019. Handover is the process of transferring user 
equipment from its serving base station to a target base 
station. Handover in this context can be between two 
macrocells, macrocell and femtocell or between two 
neighbouring femtocells. Handover involves several stages 
and handover decision is one of its key phases.  
 
II. PROBLEM DEFINITION 
Despite the fact that femtocell base stations are incomparably 
useful, how to make sure their performance blossoms as 
technology evolves by the day remain a concern as well as  a 
booming research area. This paper focuses on handover 
decision for inbound mobility in the two-tier macrocell 
femtocell LTE network. To maintain a seamless connection 
between multiple cells either in low, medium or high 
mobility, handover has to be smooth, and a seamless
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 handover requires the time it takes the connection to make 
or break to be put into consideration. 
All measurement reports and control are carried out in the 
former phase while the latter controls decision and execution 
of the handover. There has been a lot of research towards 
improving the handover decision phase, yet challenges on 
how to reduce the probability of low service interruption for 
users that are in a low, medium and high mobility state never 
fails to disappear. Several handover decision algorithms were 
studied and it was identified that most handover decision 
algorithms do not address multiple femtocell scenario. The 
other issue identified is the absence of a solution to UE fast 
hop-on hop-off scenario. These two issues can delay 
handover process, which can lead to call dropping and QoS 
degradation. 
 
III. AIM & OBJECTIVES OF THE WORK 
The aim of this research is to first of all investigate and 
conduct a survey of handover decision algorithms based on 
several decision parameters, and propose a new handover 
decision algorithm based on the investigated schemes. Some 
of the parameters investigated are Received Signal Strength 
(RSS), UE Velocity, UE membership, to mention but few. 
The objectives of the work are given below. 
−To research the femtocell technology with special reference 
to managing UE mobility within the femtocell coverage area. 
−To review the past and previous work in the area of mobility 
management, with special reference to handover decision 
algorithms for inbound and outbound mobility in the two-tier 
macrocell femtocell network. 
−To investigate and evaluate the most important parameter 
incorporation with regard to handover decision for UEs in 
femtocell coverage areas. 
 
IV. LITERATURE REVIEW 
A lot of research has been going on in the area of handover 
decision for two-tier macrocell femtocell network. (Moon & 
Cho, 2009) (Moon & Cho, 2010) (Xu et al., 2011) (Lopez-
Perez et al., 2010) (Lopez-Perez et al., 2010) (Jeong et al., 
2011) (Ulvan et al., 2010) (Zhang et al., 2011) (Shih-Jung 
Wu, 2011) (Shaohong et al., 2009) (Zhang et al., 2010) (Xu 
et al., 2010) (Lee et al., 2010) (Reguiga et al., 2011) (Xenakis 
et al., 2012) (Yang et al., 2011) (Chowdhury et al., 2009) 
(Kim & Lee, 2010) (Becvar & P, 2010) (Xenakis et al., 2012). 
A significant number of decision algorithms have been 
respectively proposed. More than half of the proposed 
algorithms represent a mixture of the handover decision 
parameters discussed. The main motivation behind this 
categorization is related to the main concept of the original 
research as well as their result analysis and the main 
parameters that affect them. The parameter mixture in the 
consulted literature led to a categorization of handover 
decision algorithms into: 
1. Received Signal Strength  
2. UE Velocity 
3. Cost function and Interference based 
4. Energy Efficiency (EE) and Path Loss (PL) 
5. Type of Traffic (TT) 
6. Bandwidth availability 
 
V. METHODOLOGY 
In order to overcome the aforementioned challenges, a new 
handover decision algorithm is proposed. The algorithm 
focuses on the UE velocity, residence time, cell search 
methods, received signal quality and membership status. The 
proposed algorithm addresses two key issues, the first is the 
scenario where a UE enters the femtocell coverage and 
quickly exits due to medium or high mobility. This brings 
about two unnecessary handovers per femtocell coverage, 
inbound and outbound. To address this issue, the algorithm 
relates the UE speed to a speed threshold, uses a fixed UE 
residence time parameter to determine how long the UE stays 
in the target femtocell coverage and compares the received 
signal strength to a set threshold. The other issue the 
algorithm aims to address is that of a scenario where a UE 
leaves serving macrocell coverage area for a femtocell but 
meets several femtocell base stations in the destination. The 
algorithm will address how the UE is going to select its target 
cell. To carry out this task, the algorithm utilizes the 
proximity estimation feature to combine UE membership and 
neighbor cell list. 
 
VI. ALGORITHM AND EVALUATION 
 
A. Proposed handover decision algorithm and 
performance evaluation 
There are two identified issues; one is that of handover 
decision in a heavily dense femtocell deployment scenario, 
the other is that of hop-on hop-off. Below is a discussion on 
this issues and how the proposed algorithm addresses them. 
 
A.1.  Multiple Femtocell Scenarios 
Most handover decision algorithms are purposely designed 
for macrocell handover to single femtocell. This comes with 
several drawbacks, as femtocells are not just heavily 
deployed nowadays, but in addition, they are consumer 
deployed; hence we will be safe to say that the deployment 
of femtocell base stations in some degree, unplanned. Let’s 
say for example we have a macrocell and a couple of 
thousand femtocell base stations within this macrocell 
coverage. A mobile UE will definitely find it hard to select 
its preferred target cell, hence signaling overhead delay and 
QoS degradation follows. The proposed algorithm addresses 
this issue by incorporating NCL and CSG. 
Neighbor cell list is a database of potential or candidate base 
stations that are in proximity to a cell. Each base station 
provides UEs connected to it with this list so that they can 
choose the best one during handover (Nguyen et al., 2010). 
NCL assists in easing the whole process of cell selection 
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thereby improving the handover procedure and to a greater 
extent, user quality of experience.  
 
A..2 Fast hop--‐on hop--‐off scenario 
Frequent and redundant handover is one big problem for 
femtocell-deployed environment. Femtocell coverage area is 
typically small in size and there is a chance to stay for only a 
very short time whenever a UE that is on high-speed mobility 
passes. Two unnecessary handovers are resulted from a high 
speed UE passing through a femtocell coverage, one is an 
unnecessary handover from macrocell to femtocell and the 
other is from femtocell back to the macrocell. Unnecessary 
handovers lead to frequent call drops, which in turn could 
result in poor user experience. Therefore, it is essential to 
minimize the rate of frequent and unnecessary handovers. In 
order to address this issue, a parameter, T is  introduced to 
determine how long the UE stays in the femtocell coverage 
before it compares the serving cell’s RSS to that of the 
femtocell base station using cell admission control. We can 
see the hop–on hop-off scenario where the UE passes through 
femtocell coverage and suddenly leaves it. 
 
B. Proposed algorithm 
HOM or hysteresis is a variable that denotes the RSS 
threshold between serving and target cells. HOM guarantees 
the target cell is the most suitable cell the UE camps on amid 
handover. A TTT quality is the time period that is needed for 
fulfilling HOM condition. Both HOM and TTT are utilized 
for decreasing redundant handovers, which is  also known as 
"Ping-Pong effect". At the point when a UE is encountering 
this impact, handover occurs from a serving cell to a target 
cell and from the target cell back to the serving cell again in 
a little timeframe. This impact builds the overhead signaling 
resources, diminishes the overall throughput as well as 
overall system delay brought about by buffering the inbound 
traffic at the target cell when every handover happens. 
Consequently, viably preventing redundant handovers is 
crucial. TTT limits the handover activity from being 
activated within a certain time span. A handover activity must 
be performed after the TTT condition has been fulfilled. At 
the point when a UE is moving far from the serving cell, the 
RSRP, which the UE gets from the serving cell, will decrease 
as time increments. In the meantime, the UE will move 
towards the target cell, in this manner the RSRP and the UE 
gets from the target cell will increment proportionally with 
time. The flowchart of the proposed algorithm depicted and 
kicks off after the UEs velocity as well as the RSS at both 
serving and target cells are measure. It is divided into three 
phases: 
1. The serving cell is a femtocell. 
2. The serving cell is not femtocell but UE belongs to some 
CSG. 
3. The serving cell is not femtocell and UE doesn’t belong to 
any CSG but velocity V exceeds a certain limit, Vth.  
 
C. 6.3. Performance evaluation 
1. Channel models: The simulator comes with two new 
indoor path loss models. The first path loss model is given 
by; 
p! dB = 127 + 30 log!" 
R 1000 
Where R is the distance between the UE and receiving cell 
measured in meters. 
The second path loss model is given by; 
P! dB = A log!" 10 + B + C log log!" f!/5 + X 
Where: 
R is the distance between the UE and receiving cell measured 
in meters, fc is the central frequency, and 
A, B, C are the barriers between the UE and receiving cell. 
The second path loss model is more complex than the first 
model. However, it has more accuracy level. 
2. For the investigation of the algorithm's performance 
evaluation, Power-based algorithm is utilized, yet for its 
straight forwardness, two parameters are added to do the 
research work, and these are hysteresis and TTT. Adding 
parameters of HOM and TTT demands for modifications in 
the code of the LTE-Sim. To present HOM, the 
accompanying condition is adopted (Adding a HOM 
variable): 
(RXpower > targetRXpower + HOM) 
For TTT, a counter related to each eNB is presented, that 
tallies the time where the past condition is ensured. 
If (RXpower > targetRXpower + HOM) {TTT_counter++; 
If (TTT_counter >= TTT_threshold) { 
targetRXpower = RXpower; 
targetNode = probableNewTargetNode; {} 
Another variable is  presented (TTT_counter) for each eNB 
that keeps hint of the time where the condition (RXpower 
>targetRXpower + HOM) is ensured. When this time  
surpasses the TTT threshold, a handover happens. 
List of parameters used in carrying out the simulation 
-Bandwidth 20MHz, Microcell power 40dBm, Femtocell 
power 20dBm, number of buildings 2, Apartments per 
building 20, size of the apartment 1002, Microcell radius (m) 
500, Femtocell radius (m) 10, Number of total UEs in 
macrocell coverage 30, UE velocity (km/hr) 1530 and 120, 
TTT (secs) 3, RSS threshold 1 -70dBm, RSS threshold 2 
72dBm, Active Factor 1. Please observe that the macrocell 
transmission power exceeds that of femtocell base stations. 
The simulator has two mobility models; random direction 
and random walk. 
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Figure 1: Example of random mobility pattern in LTE--‐Sim 
 
LTE-Sim has two types of building configurations: dual 
stripe and 5×5 apartment grid. For this simulation, two dual 
stripes are used, the figure below shows building type used in 
this performance evaluation. This is because we want to use 
40 HeNBs and 5×5 apartment grid consisting of only 25 
apartments. (Piro et al., 2011) talks about further details with 
regards to this simulator. 
 
Figure 2: Two dual stripe Building topology 
 
Setting active parameter to 1 means that all the femtocell base 
stations available in the building (i.e. 40 HeNBs since there 
are 40 apartments and each apartment has 1 HeNB) are up 
and running. The use of femtocell CSG feature in aiding 
handover is included in the decision algorithm but LTE-Sim 
doesn’t have the CSG feature. To address this, we assume 
that for every 10 HeNBs, 1 is a non-CSG. 
 
C.1. Result and Analysis 
The simulation begins with UEs moving in random direction 
within the macrocell coverage, which consists of multiple 
FABs. With a specific end goal to simulate the UE mobility, 
the simulator assigns to each cell and UE, a unique identifier. 
In addition, it initiates the UE’s position as well as its 
configured velocity. Then it keeps track and records each 
UE’s movement every 1ms. Specifically, it records the UE’s 
Cartesian position and the unique identifier of the UE and the 
serving cell. In the simulator, whenever a handover occurs, 
the simulator communicates the recorded information to a 
new serving cell and deletes the old information.  
For each simulation, result was obtained on the number of 
handover recorded in relation to the number of UE in 
mobility at that point in time. In addition, the default power 
based handover algorithm was simulated and compared to the 
proposed algorithm. 
This is because we assume the power based handover 
algorithm to be a representative of RSS based handover 
decision scheme. 
 
Figure 3: Proposed algorithm with velocity of 3km/hr. 
 
 
Figure 4: Proposed algorithm with velocity of 30km/hr. 
 
 
Figure 5: Proposed algorithm with velocity of 120km/hr. 
 
From the above results, we can say that the introduced time 
interval, T has a huge impact on the number of handover 
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unnecessary handover. For the conventional power based 
handover decision algorithm, the number of unnecessary 
handover runs to thousands as the UE number increases, this 
happens because the mobile UE is moving fast and yet has 
handover to each and every femtocell base station it passes. 
Meaning that for each femtocell station passed, two 
unnecessary handovers occur. Comparing the proposed 
algorithm with the conventional power based algorithm, we 
can see that the number of unnecessary handovers has been 
significantly reduced. This is as a result of the time, T that the 
UE has to stay for a minimum of before handover phase gets 
triggered. Likewise, result has shown that the proposed 
handover decision algorithm returns fewer unnecessary 
handover. It can also be observed that the velocities in these 
cases are 3km/hr and 15km/hr. respectively. The reason for 
the reduction in unnecessary handover number here is 
because the UE residence time of 3 seconds. 
 
VII. CONCLUSION 
The growing demand for high-speed Internet connection has 
led to major technological advancements, including 
femtocell base stations. Femtocell base stations are small 
inexpensive low power base cellular base stations used for 
extending signals received from macrocells. The deployment 
of femtocell has since become a norm in modern day 
telecommunication industry. However, these deployments 
come with several challenges, including but not limited to 
mobility management. Handover has proved to be the most 
important property of mobility management for femtocell 
deployments in LTE networks. In addition, deciding when 
and where constitutes the critical part of a handover process. 
Nine different handover decision algorithms were reviewed 
in this research, most of which were found to address a single 
macrocell single femtocell scenario. This  scenario is not 
realistic in view if the heavy and unplanned deployment of 
femtocell in recent years. The main contribution of this 
research is the new decision algorithm proposed to solve the 
highlighted issues above. The algorithm deals with inbound, 
outbound and intra cell handovers of CSG and non-CSG 
member UEs. It also addresses the issue of cell search using 
a combination of NCL and CSG. Finally, the proposed 
algorithm was evaluated by the means of simulation. 
However, not all segments were simulated; the introduction 
of a time to trigger of parameter of 3 seconds has proved to 
significantly reduce the number of redundant handovers for 
UEs in medium and high mobility. 
 
VIII. FUTURE WORK 
In femtocell networks, efficient mobility management is an 
integral component of providing seamless QoE for users. 
This research work focused on handover decision algorithms 
with concentration in cell search using hybrid CSG as well as 
UE membership status using a TTT of 3 seconds. Even 
though performance evaluation was conducted, it is not 
extensive, hence the need for an extensive simulation. The 
research has mainly considered reduction of unnecessary 
handovers; however, it is advisable to further investigate the 
handover performance in terms of throughput, SINR, packet 
loss, delay, probability of handover occurrence and energy 
saving techniques in more complex scenarios. Handover 
procedure has other constituents like measurement control 
and report, handover execution. Furthermore, open issues in 
mobility management such cell identification, access control, 
cell search; cell selection and reselection need to be looked 
into in future works. Finally, femtocells on transport systems 
such as high-speed trains and busses will turn out to be more 
common in the near future. The need for reducing the burden 
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